Apparatus and HPLC conditions
The column-switching HPLC consisted of two DP-8020 pumps, an autosampler AS-8020, a valve controller VC-8020, a column oven CO-8020, fluorescence spectrophotometer FS-8020 and a system controller LC-8020 (Tosoh, Tokyo, Japan). A flow diagram of the column-switching system is shown in Fig. 1 . A TSKgel Super-ODS column (2.0 mm i.d. × 10 cm, 2.5 µm; Tosoh) was used as an analytical column, and a strong cation exchange column (2.0 mm i.d. × 3.5 cm) was used as a pretreatment column. It was prepared by chemically bonding TSKgel G2000SW (13 µm; Tosoh) to the sulfone group. A mixture of acetonitrile, 150 mmol/l sodium dihydrogenphosphate (5:95 v/v) and 50 mmol/l sodium perchlorate (eluent A, pH 6.8), a mixture of acetonitrile, 150 mmol/l sodium dihydrogenphosphate (12:88 v/v) and 50 mmol/l sodium perchlorate (eluent B, pH 6.8), and a mixture of acetonitrile and 50 mmol/l phosphate buffer (70:30 v/v) (eluent C, pH 6.8) were used as the mobile phases. A mixture of acetonitrile and 1 mmol/l phosphate buffer (5:95 v/v, pH 6.8) was used as the pretreatment solution. The flow rate of each of the two mobile phases (analysis and pretreatment) was 0.4 ml/min. The column temperature was maintained at 40˚C. The sample was diluted 5-fold with 50 mmol/l sodium perchlorate to avoid lower recovery caused by binding of drugs to serum proteins. Then, five hundred microliters of this solution was injected onto the HPLC. Both analytical and pretreatment columns were re-equilibrated with the eluent C after every injection. Each drug was eluted by step gradients with the eluent A for 0.5 min and with the eluent B for 10 min. The fluorescence intensity was monitored at 365 nm (emission) and 300 nm (excitation). The pretreatment procedure was run for 3.5 min, which was long enough to remove high-molecular 
Application of the method
The method was used to quantitate the serum concentration of sulpiride administered in a single dose. The subjects were two healthy volunteers (male and female, 21 years old) who gave a written informed consent. The two subjects took 100 mg of sulpiride in fasting state, under supervision of a doctor. A 10-ml sample of blood was drawn at 0.5, 1, 2, 3 and 4 h after oral administration. Serum was separated by centrifugation at 3000g for 15 min and stored at -20˚C until analysis.
Standard solutions and calibration curves
Each compound was dissolved in methanol to give a 100 µg ml -1 stock solution, and the solutions were stored at 4˚C. Working standard solutions were freshly prepared daily by appropriate dilution of the stock solutions with deionized water. Each calibration curve was constructed by plotting the peak areas of each drug.
Results and Discussion

Optimization of pretreatment column
The column-switching HPLC method for drug analysis in serum generally uses a pretreatment column for deproteinization and selective adsorption of hydrophobic drugs. [14] [15] [16] [17] [18] According to a report, the BSA-coated octadecyl reversed phase column (BSA-ODS column) is commonly chosen; it is filled with silica packing materials coated with denatured bovine serum albumin. Alternatively, an inner reversed phase column or a mixed functional column can be used for pretreatment (deproteinization and selective adsorption of the hydrophobic drugs). 19, 20 We evaluated several pretreatment columns in analysis of four kinds of drugs. To begin with, the BSAcovered reversed column, the BSA-ODS and the BSA-Octyl were tried as a pretreatment column. These pretreatment columns were found to be difficult to use for quantification of sulpiride, tiapride and sultopride. Because they had the same separation mode in the analytical column, the sample drugs in the standard serum were interfered with by low molecular weight components with strong hydrophobicity. On the other hand, thanks to their cationic nature, all four drugs were measurable with the cation exchange pretreatment column without any interference of the hydrophobic low molecular weight components in serum, because drugs were retained in the pretreatment column by ionic interactions. In this study, the cation exchange column was adopted as the pretreatment column. For the pretreatment solution, 1 mmol/l phosphate buffer (pH 6.8)/acetonitrile (95/5) which can hold drugs in serum was used. 21 
Optimization of analytical conditions
Concentration of the organic solvent, pH and concentration of sodium perchlorate in the mobile phase were examined on the analytical column. Elution volume changes of the drugs are shown in Fig. 2 . The elution volume decreased as the acetonitrile concentration increased. Figure 3 indicates the effect of the eluent pH. Elution volumes did not change until pH 6, but began increasing at pH 6. This was because higher pH would have suppressed the dissociation of a pyrrolidine group or a diethylamino group, resulting in increased hydrophobicity of the drugs. Figure 4 indicates the effect of sodium perchlorate. The elution volume was elevated as the sodium perchlorate concentration increased and became constant beyond 50 mmol/l. This was because the ion pair formed between sodium perchlorate and a pyrrolidine group or a diethylamino group made the mobile phase apparently neutral, and then the hydrophobic interaction was increased. As a result, the pH and sodium perchlorate concentration for the mobile phase were determined to be pH 6.8 and 50 mmol/l, respectively. The concentration of sodium dihydrogenphosphate was determined to be 150 mmol/l in consideration of the elution volume from the cation exchange pretreatment column. The concentration of acetonitrile in the mobile phase was determined for the step gradients from 5% (separation of sulpiride and tiapride) to 12% (sultopride and metoclopramide).
Calibration curves
Correlation equation and coefficient for each drug were: Sulpiride; y = 8.45x + 4.71, r 2 = 1.0000 (53 -1060 ng/ml), tiapride; y = 3.00x -0.42, r 2 = 1.0000 (52 -1040 ng/ml), sultopride; y = 2.84x + 1.88, r 2 = 1.0000 (50 -1000 ng/ml), metoclopramide; y = 14.80x -30.47, r 2 = 0.9999 (53 -1060 ng/ml) The detection limits (signal-to-noise ratio = 3) for individual drugs were: 1 ng/ml (sulpiride), 4 ng/ml (tiapride), 2 ng/ml (sultopride) and 0.5 ng/ml (metoclopramide). The sensitivity of sulpiride was approximately 10 times higher than those of the HPLC methods [6] [7] [8] [9] [10] and was comparable to that reported by Tokunaga et al. 11 Also, they use a smaller sample volume, which provided an advantage as compared with the previous method 11 that required 1 ml of plasma for drug analysis.
On the other hand, the sensitivities of other compounds (tiapride, sultopride and metoclopramide) were much higher (from 2.5 to 14 times) than those obtained in fluorometric analysis. 3 
Recovery and repeatability
Results for recovery, repeatability (within-day precision) and reproducibility (between-day precision) are shown in Table 1 . Recovery was determined by comparing the peak areas obtained from samples with those obtained after direct injection of drugs dissolved in mobile phase. Triplicate analysis was performed for each drug. Each drug was well recovered in 100 -128%. Repeatability and reproducibility of this method were studied. Repeatability was evaluated by injecting each of two concentrations of a drug six times. Reproducibility was also evaluated for at least 5 days by injecting the same samples three times a day. The relative standard deviation (RSD) did not exceed 2.76% in repeatability and 3.76% in reproducibility. The results showed that the on-line HPLC system was satisfactory for all the benzamide-type anti-psychotic drugs studied. Figure 5 shows the typical chromatograms obtained with a standard mixture of the drugs (A) and with a blank serum spiked with sulpiride, tiapride, sultopride and metoclopramide (B). The retention times of sulpiride, tiapride, sultopride and metoclopramide were 8.01, 11.61, 15.31 and 17.58 min, respectively. No interfering peaks were observed in the chromatograms.
Application of the method
In order to evaluate the proposed method for clinical use, it was applied to the monitoring of drug concentrations in serum samples obtained after a single oral dose of sulpiride (100 mg). Figure 6 shows the chromatogram of the serum sample from Fig. 4 Effect of NaClO4 concentration in eluent on elution volume. Eluent: CH3CN/50 mmol/l NaH2PO4(10/90) + x mmol/l NaClO4; other conditions as in Fig. 2. Subject A. As a result, sulpiride was well separated from tiapride (I.S.) and was not interfered with by coexisting substances in the serum. Figure 7 shows the time-concentration curves obtained from the serum samples. The concentrations reached a maximum value at 2 -4 h after oral administration, and thereafter gradually decreased. While intra-individual variations were found in serum sulpiride levels (range of 375 -466 ng/ml), these results were close to reference values. 22, 23 The column-switching HPLC using a high performance semimicro column (TSKgel Super-ODS) and a pretreatment column containing a strong cation-exchange silica could simultaneously analyze four benzamide-type anti-psychotic drugs in serum within only 18 min.
The recovery, repeatability and reproducibility performance was satisfactory. These results suggest that this method is useful in simple routine analysis of benzamide-type anti-psychotic drugs.
